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Abstract 
In this paper, an nickel-chromium (NiCr) alloy piezoresistive atmosphere pressure sensor, based on eutectic 
bonding is presented. Compared with conventionally silicon piezoresistive pressure sensor, it has the advantages with 
low cost and easy fabrication processes. First, NiCr alloy (80:20 wt%) is used as the strain detecting material, with a 
smaller but acceptable sensitivity and simpler processes. Second, eutectic bonding technology based on silver-tin 
(Ag-Sn) alloy, which is 3.5%wt Ag and 20um thickness, is used as an alternative and easy bonding choice to 
complete the vacuum package. Bonding quality of eutectic bonding is evaluated by inspection through the deflection 
of diaphragm of silicon with more than 95% of the area successfully bonded. The Pressure-Voltage characteristic test 
results suggest a precision within 0.3% in square fitting. The temperature characteristics is also tested and 
theoretically analyzed. The temperature coefficient offset (TCO) is 620 ppm/(ć FSO). 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Currently, piezoresistive pressure sensors, based on micro electro mechanical systems (MEMS) 
technology, have prevailed in the commercial market for several decades. Usually, it fabricated by 
somewhat hard processes: anodic bonding with silicon and prexy7740# glass under high temperature, ion 
implantation to form piezoresistor and connection zone and high temperature annealing to release stress 
etc. [1]. On the purpose of reduce the cost of commercial pressure sensor and simplify the fabrication 
processes, we developed a NiCr alloy piezoresistive atmosphere pressure sensor, based on eutectic 
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bonding with the advantages: bonding surface not so rigorous, bonding temperature low, bonding 
substrate materials can expand to many types, high bonding strengths with lower cost and can be used in 
high humidity and corrosion situation. Among many kind eutectic materials, Au-Sn alloy has been widely 
used in MEMS hermetic packaging [2, 3]. But, we complete the eutectic process with purchased Silver-tin 
alloy foil in market. Also, we substitute silicon piezoresistor by low cost and easy fabrication stain 
detection material—NiCr with the advantages of low temperature coefficient and low cost.  
2. Experiments 
2.1. Basic principle and structure 
The model of developed sensor is showed in Fig. 1. We use ANSYSTM for simulation, with a loaded 
pressure of 1000hPa. In order to reduce the difficulty of membrane fabrication, the thickness is 
constrained to 40 μm. It is shown that the more length of the membrane, the higher sensitivity of the 
sensor is from the results of the simulation. Synthetically considering the pressure range and strain gauge 
of metal piezoresistor, we choose 3000 μm as the side length of the membrane. Because of the small 
piezoresistive coefficient of metal, the nickel-chromium alloy electrodes, 80:20 wt%, have to cover a 
reasonable area of the membrane to utilize more strain with a suitable resistance.  
                          
Fig.1. Cross-section of the sensor’s structure.                     Fig.2. Fabrication processes of sensor. 
2.2. Processes of fabrication 
The main fabrication processes, showed in figure 2, are presented as follows. First, a 0.5 μm dry 
thermal oxide was grow on a 4’’ silicon wafer. Next, Si3N4 with a thickness of 0.2 μm was double-sided 
deposited by LPCVD (low-pressure chemical-vapor deposition). Then the SiO2 and Si3N4 of the back side 
were etched into a patterned shape and the following KOH etching formed the membrane with a thickness 
of 40 μm. The electrodes of nickel-chromium alloy were deposited on the front side of the silicon wafer 
using lift-off technology. PECVD SiO2 is used as the protection layer of electrodes. Subsequently, a 0.2 
μm thick Au layer was sputtered on the silicon wafer and glass wafer. The final step is eutectic bonding. 
Silicon wafer, silver-tin alloy foil and glass wafer was aligned into a sandwich structure, then was pressed 
with a load of 0.0078MPa on a vacuum hot plateüby pumping to a surrounding pressure of 10-4 Pa, then 
heated in ramp to 230ć and maintaining it for 10 minutes, finally cooling down to room temperature in 
vacuum. The front view of one of the fabricated sensors is showed in figure 3. 
2.3. Eutectic bonding 
Normally, the Ag-Sn layer of eutectic bonding is mostly fabricated by electrochemical deposition. 
However, in the designed pressures sensor, the Ag-Sn solder film, 3.5%wt Ag and thickness 20um, is 
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used directly as melting layer. In eutectic bonding, temperature was firstly heated to 150ć and held for 5 
minutes, then heated up to eutectic point 230ćand held on 10 minutes, last cooled under room 
temperature. Then, we performed experiments with different static pressure, respectively. The SEM 
photos of the bonding layer thickness were shown in figure.4. It is shown that the greater the static 
pressure, the smaller the thickness of bonding layer is. Eutectic bonding quality is evaluated by inspection 
through the deflection of diaphragm of silicon with more than 95% of the area successfully bonded. The 
results of shear strength are shown in table 1. The maximum shear strength is 24.19MPa when the 
bonding pressure is 0.0013MPa. We select the static pressure 0.0078MPa as the bonding pressure. 
                               
Fig.3. The front views of the fabricated pressure sensor.        Fig.4. SEM photos of the bonding layer thickness under the designed 
bonding static pressure 
Table 1 the shear strength under different static pressure 
Static pressure(MPa) Maximum(MPa) Minimum(MPa) Average(MPa) 
0.0013 24.91 8.77 15.57 
0.0026 24.05 8.67 17.55 
0.0039 23.35 12.32 18.28 
0.0052 19.56 12.03 16.30 
0.0065 17.02 10.58 14.22 
0.0078 14.78 12.06 14.46 
0.0097 18.37 7.75 11.35 
0.0117 12.11 7.73 9.72 
0.0137 9.95 5.37 7.13 
        
Fig.5. Typical performances of the sensor.       Fig.6. Temperature drifting of the sensor.           Fig.7.  Temperature drifting of the 
sensor (temperature as the X coordination). 
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3. Result and Discussion 
The sensor is supplied with a voltage of 5V as an input. Typical performances of the pressure sensors 
are showed in figure 5. The Pressure-Voltage characteristic test results suggest a precision within 0.3% in 
square fitting with pressure ranging from 300hPa to 1100hPa in 22ć. Typical temperature curve of the 
pressure sensors is showed in figure 6. The TCO is 620 ppm/(ć FSO). The sensitivity of the sensor is 
about 3μV/hPa/V, which is acceptable for measurement.  
If we repaint figure 6 with temperature as the X coordination shown in figure 7, we find that with 
temperature increase the output curve of sensor under fixed pressure has a minimum value. It is hard to 
calibrate the pressure sensor. Total relative change of piezoresistor R can be denoted by  
   2 0 0R T T K w wR D
'  '  '                                                                                              (1) 
According to pressure-displacement equation of membrane [4], on the condition large deflection, and 
gas balance equation, first order derivative of relationship between change of center deflection Δw0 and 
temperature change ΔT has a zero point; and second order derivative is more than zero. Thus, total 
relative change of piezoresistor has minimum value. We can draw a conclusion that the residual gas will 
greatly affect the temperature characteristic of designed sensor.  
4. Conclusions 
We have presented a low cost and simple fabrication technology for piezoresistive atmosphere 
pressure sensor, compared with the conventionally used method in piezoresistive pressure sensor. The 
fabrication results show that the eutectic bonding with Ag-Sn in vacuum is very successful. The testing 
results show that the performances of the sensors are completely promising, especially in the aspects of 
TCO. Although the temperature characteristic curve is a little complex than expected, it can be solved by 
arithmetic correction in subsection. Moreover, future work would be focused on reduce the residual gas in 
pressure cavity and ameliorate the temperature characteristic. 
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